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1
ROTATING ELECTRICAL MACHINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 to Japanese Patent Application No. 2012-173065, filed
Aug. 3, 2012. The contents of this application are incorpo-
rated herein by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to rotating electrical machine
such as an electric motor, and the like.

BACKGROUND ART

Conventionally, a stator used for an electric motor is pro-
vided with a plurality of teeth, wherein the respective plural-
ity of teeth are provided with coils having the same shape and
the same number of turns. The plurality of coils are shaped by
a winding wire with the same number of turns being wound
around (turned) in order and in layers on bobbins of the same
shape (for example, refer to Japanese Unexamined Patent
Application Publication 2000-156951).

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a rotating
electrical machine includes a toric stator and a rotator located
inside or outside the stator. The stator includes a plurality of
teeth radially extending from the center of a circle of the stator
with equal gap, and the plurality of coils arranged in order and
in layers by the winding wire being turned a plurality of times
around the circumference of each of a plurality of teeth. The
number of turns of the two respective coils arranged on the
circumference of the two adjacent teeth is different.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of
the attendant advantages thereof will be readily obtained as
the same becomes better understood by reference to the fol-
lowing detailed description when considered in connection
with the accompanying drawings.

FIG. 1 shows an exploded perspective view of the motor
related to Embodiment 1.

FIG. 2 shows a cross-section of the axial orthogonal plane
of the stator with the rotor being arranged inside the stator
shown in FIG. 1.

FIG. 3A shows a partial view on a large scale by a cross-
section of the axial orthogonal plane of the stator and indi-
cates a conventional stator.

FIG. 3B shows a partial view on a large scale by a cross-
section of the axial orthogonal plane of the stator and indi-
cates the stator related to Embodiment 1.

FIG. 4A shows a partial view on a large scale by a cross-
section of the axial orthogonal plane of the stator and indi-
cates a conventional stator.

FIG. 4B shows a partial view on a large scale by a cross-
section of the axial orthogonal plane of the stator and indi-
cates the stator related to Embodiment 2.

FIG. 5A shows a partial view on a large scale by a cross-
section of the axial orthogonal plane of the stator and indi-
cates a conventional stator.
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FIG. 5B shows a partial view on a large scale by a cross-
section of the axial orthogonal plane of the stator and indi-
cates the stator related to Embodiment 3.

FIG. 6A shows a partial view on a large scale by a cross-
section of the axial orthogonal plane of the stator and indi-
cates a conventional stator.

FIG. 6B shows a partial view on a large scale by a cross-
section of the axial orthogonal plane of the stator and indi-
cates the stator related to Embodiment 4.

FIG. 7 shows a cross-section of the axial orthogonal plane
of the stator with the rotor being arranged outside the stator
according to another embodiment of the motor.

DESCRIPTION OF THE EMBODIMENTS

The embodiments will now be described with reference to
the accompanying drawings, wherein like reference numerals
designate corresponding or identical elements throughout the
various drawings.

Embodiment 1

Hereinafter, a motor (electric motor) 1 as a type of rotating
electrical machine related to Embodiment 1 is described with
reference to the drawings. FIG. 1 is an exploded perspective
view of the motor 1 related to Embodiment 1. The motor 1 is
an inner rotor-type motor. Moreover, a permanent magnet is
used in the rotor 3 as a magnetic field. The motor 1 includes
a motor case 2, a rotor (rotator, inner rotor) 3, a bearing 12,
and a stator (stator, outer stator) 4.

The motor case 2 is a casing configuring the outer wall of
the motor 1 with a through hole 2a opening in the upper
surface thereof. The rotor 3 is arranged as a field magnet
inside the motor case 2. The rotor 3 includes a shaft 5 and a
rotor core 6. The bearing 12 is arranged between the motor
case 2 and the rotor 3. The rotor 3 includes ten permanent
magnets seriately arranged such that the poles are alternately
different and regarded as ten poles. The ten permanent mag-
nets are circumferentially arranged along the circumference
surface of the rotor 3.

The shaft 5 penetrates the center hole of the bearing 12 and
the through hole 24 of the motor case 2. The outer ring of the
bearing 12 is connected to the motor case 2 and by means of
the inner ring of the bearing 12 connected to the shaft 5 of'the
rotor 3, the entire rotor 3 is made rotatable in the o direction
of'the arrow in the figure, revolving around the central axis X
of'the shaft 5 with respect to the motor case 2. The bearing 12
can be configured by being sandwiched between the motor
case 2 and the rotor 3 without connecting the bearing 12 to the
motor case 2 and/or the rotor 3. A bottom ring 13 covering the
bottom surface of the motor case 2 is arranged below the rotor
3. The bearing 12 is also arranged between the rotor 3 and the
bottom ring 13 such that it rotatably supports the rotor 3.

Moreover, in the present specifications, for convenience,
the vertical direction in FIG. 1 is defined as the vertical
direction in the motor 1, using names such as the upper
surface, bottom surface, and the like. However, needless to
say, the vertical direction is not limited to the vertical direc-
tion in FIG. 1, depending on the manner in which the motor is
used.

The stator 4 as an armature is arranged inside the motor
case 2 such that it surrounds the rotor 3 from outside the rotor
3.FIG. 2 is a cross-section of the axial orthogonal plane ofthe
stator 4. The overall cross-section of the stator 4 by the axial
orthogonal plane is circular. The stator 4 includes a yoke 7 and
a plurality of armature coils 8. The yoke 7 is a metal toric
material supporting the outside of the armature coil 8. The
armature coil 8 ensures a constant magnetic gap with the
permanent magnet of the rotor 3, and is seriately as well as
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circumferentially arranged on the circumference of the rotor
3. For another example, a rotor 3a (rotator, outer rotor)
includes the shaft 5 and a rotor core 64, as shown in FIG. 7.
The rotor 3a can be arranged outside of the stator 4, as shown
with a double-dashed chain line in FIG. 7.

In the present Embodiment 1, the armature coil 8 includes
one division core and a winding wire 9 wound around the
division core. A principal part of the division core is teeth 10
radially extending from the center of the circle of the stator 4
(central axis X) with equal gap. The winding wire 9 is wound
s0 as to surround the teeth 10. Specifically, the winding wire
9 is wound on a hollow-shaped bobbin 11 and this bobbin 11
is inserted into the teeth 10. In this stator 4, twelve armature
coils 8 are circumferentially arranged. Accordingly, the angle
gap between the adjacent armature coils 8 is 30°.

Moreover, in the present specifications, the winding wire 9
as a whole with the magnet wire wound a plurality of laps is
also referred to as a coil 9. One spin of winding from among
the coil 9 or the magnet wire corresponding to this is referred
to as a turn. Moreover, the action of winding may also be
referred to as a turn.

The respective armature coils 8 are connected to an alter-
nating-current power supply corresponding to each phase
from among: two-phase, three-phase, or more. When elec-
tricity of different phases is electrified in each phase, the rotor
3 rotates due to an electromagnetic induction function. In this
Embodiment 1, the two adjacent armature coils 8 are con-
nected to the alternating-current power supply of three
phases: phase U, phase V, and phase W.

FIGS. 3A and 3B show partial views on large scale of the
stator. In FIGS. 3A and 3B, only the two armature coil parts of
the same phase are shown upon expansion. FIG. 3A shows a
conventional stator 40, while FIG. 3B shows the stator 4
related to Embodiment 1.

In FIG. 3A, armature coil 80a at the left side and armature
coil 804 at the right side are of the same phase. In the armature
coil 80a, a coil 90a is wound on teeth 100 in order and in
layers. In the armature coil 805, a coil 905 is wound on a tooth
10054 in order and in layers. A branch line (gap center line) N
indicated as a dashed line is a virtual straight line dividing the
armature coil 80a and the armature coil 805 with a gap. The
branch line N divides the gap between the tooth 100a and the
tooth 1005 in half, radially extending from the center of the
circle of the stator 40 (that is, the central axis X of the motor).

In the same manner, the left armature coil 8a and the right
armature coil 86 are of the same phase in FIG. 3B. In the
armature coil 8a, the coil 9a is wound around in order and in
layers on the tooth 10q. In the armature coil 85, the coil 96 is
wound around in order and in layers on the tooth 1056. The
branched line (gap center line) indicated as a dashed line N is
a virtual straight line dividing the armature coil 84 and the
armature coil 85. The branch line N divides the gap between
the tooth 10a and the tooth 104 in half, radially extending
from the center of the circle of the stator 4 (that is, the central
axis X of a motor 1).

In the conventional stator 40 shown in FIG. 3A, the number
of turns of the coil 904 and the coil 904 are the same. More-
over, the winding shape of the coil 90a (enveloped cross-
sectional shape) and the winding shape of the coil 905 (envel-
oped cross-sectional shape) are the same. Accordingly, the
cross-sectional shape of the coil 90a and the cross-sectional
shape of the coil 904 are axially symmetrical with the branch
line N in between.

The gap G between the turn of adjacent coils 90a and 905
is the predetermined distance or more. The gap G is the
minimum distance between the two adjacent coils 90a and
905b. In the stator 40, a yoke 70, the armature coil 80a, and
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8054, and the like are fixed by the filler. A polyester resin or a
epoxy resin, and the like may be used as exemplary fillers.
When this gap G is too small, the filler cannot flow inside, and
it becomes difficult to ensure sufficient electrical insulation
between the turn of the coil 90a and the turn of the coil 905.
The gap G should be the predetermined distance or more in
order that the filler flows inside. The predetermined distance
or more is 0.2 mm or more when the filler is polyester resin,
for example.

In FIG. 3A, the gap G is the gap between the turns tal and
tb1 which are the closest to the central axis X. Here, for
example, it is determined that the gap is G=0.6 mm. The turns
of the respective coils 90a and 905 are laminated such that
layers are formed along the shape of the bobbin; conse-
quently, the gaps are not constant atall turns. For example, the
gap between turns ta2 and tb2 and the gap between turns ta3
and tb3 are larger than the gap G.

InFIG. 3B, the respective turns tad and ta5 are newly added
to the coil 9a at the outer layer of turns ta2 and ta3, that is, the
side closer to turns tb2 and tb3. In this manner, even when
turns ta4 and ta5 are added to the coil 9a side, the gap between
turns ta4 and th2 or the gap between turns ta5 and th3 will not
become less than the gap in which G=0.6 mm.

In Embodiment 1, the number of turns of the coil 9a is
increased by two turns without changing the number of turns
of'the coil 95. Thereby, the torque characteristic of the motor
1 is enhanced. Nevertheless, the minimum distance between
turns on the adjacent coils is the gap G between turns tal and
tb1, which still remains 0.6 mm. The number of turns is
different between the adjacent coils 9a and 95, and moreover,
the winding shape of the coil 9a and that of the coil 905 is
different. There is no trouble if the total number of turns
between each phase of phase U, phase V, and phase W is the
same. The armature coils 8a 8b are of the same phase, so the
total number of turns of these two coils 8a and 85 and the total
number of turns of the plurality of coils configuring the other
layer should be the same.

Furthermore, as in FIG. 3B, by means of adding the turns
ta4d and ta5, the turn ta5 (the first predetermined turn)
becomes the closest to the branch line N among the turns on
the coil 9a. The turn is not present in the axially symmetrical
location of the coil 95 side corresponding to the turn ta5. The
turn tb1, the closest to the branch line N in the coil 95 side is
not in the axially symmetrical location with the turn ta5 with
respect to the branch line N.

Meanwhile, in FIG. 3B, the turn th2 (the second predeter-
mined turn) is the furthest away from the branch line N from
among the turns of the outermost layer of the coil 95. The turn
tad is arranged to the anterior of the turn ta2 of the coil 9a side
corresponding to this turn th2; that is, the turn tad is located on
the side close to the branch line N. The turn ta6 is located the
furthest away from the branch line N from among the turns of
the outermost layer (the turn facing the branch line N) of the
coil 9a. The turns ta6 and th2 are not axially symmetrically
located with respect to the branch line N.

Embodiment 2

Embodiment 1 describes an example of increasing the
number of turns of the coil 9a by two turns and enhancing the
space factor without changing the gap G with respect to the
conventional art. Embodiment 2 describes a case in which the
gap G is expanded with respect to the conventional art without
changing the total number of turns of the two coils in the same
phase.

FIGS. 4A and 4B show partial views on the large scale of
the stator. In FIGS. 4A and 4B, only the two armature coils of
the same phase are indicated upon expansion. FIG. 4A indi-
cates the conventional stator 40, while FIG. 4B indicates the
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stator 4 related to Embodiment 2. Furthermore, regarding
configurations that are the same as in Embodiment 1, the
same numbers are attached and descriptions thereof are
abbreviated.

InFIG. 4A, the coils 90a and 905 have the same number of
turns and the same winding shape. That is, the coils 90a and
9056 are axially symmetrical with the branch line N as the axis
of' symmetry. The turn ta7 of the coil 90a side and the turn th7
of the coil 904 side are located at the closest position to the
branch line N. The gap G between turns ta7 and tb7 is the
smallest, for example, 0.35 mm.

In FIG. 4B, there is no turn th7 on the coil 956 side, and the
turn ta8 is added on the coil 9a side. The total number of turns
of the coils 9¢ and 95 does not change. There is no turn
corresponding to the turn ta7 on the coil 95 side, so this gap is
not the minimum distance between coils 9a and 95. More-
over, the turn ta8 is added next to the turn ta7 on the coil 9a
side, at the closer side to the branch line N than the turn ta9.
The distance between turns th9 and ta8 on the coil 95 side
corresponding to the turn ta9 is bigger than the distance
between turns tal and tb1. The minimum distance between
coils 9a and 95 is the gap G between turns tal and tb1, which
is 0.6 mm.

In this manner, in Embodiment 2, unlike the conventional
art, one turn is deleted from the coil 95, one turn is added to
the coil 94, and the coils 9a and 95 have different number of
turns as well as different winding shapes. The coils 9a and 96
are not axially symmetrical with respect to the branch line N.
However, the total number of turns on the coils 9a and 95 are
the same as the conventional art, with hardly any negative
influence on the torque characteristics of the motor. Also, the
gap G between coils 9a and 95 expands from 0.35 mm to 0.6
mm. The flow of the filler improves and the isolation from
adjacent coils becomes more certain.

Embodiment 3

Embodiment 3 is an example of enhancing the space factor
by increasing the number of turns on the coil 9a without
changing the gap G with respect to the conventional art. In
Embodiment 3, the number of turns in the coil 9a is increased
by three turns; the number of turns in the coil 95 is reduced by
one turn, and increased by two turns with regard to the total
number in the coils 9a and 95.

FIGS. 5A and 5B show partial views on the large scale of
the stator. In FIGS. 5A and 5B, only the two armature coils of
the same phase are indicated upon expansion. FIG. 5A indi-
cates the conventional stator 40, while FIG. 5B indicates the
stator 4 related to Embodiment 3. Furthermore, regarding
configurations that are the same as in Embodiments 1 and 2,
the same numbers are attached and descriptions thereof are
abbreviated.

In FIG. 5A, the number of turns and the winding shape of
the coils 90a and 905 are the same. That is, the coils 90a and
9056 are axially symmetrical with the axis of symmetry as the
branch line N. The turn tal of the coil 90a side and the turn th1
of'the coil 905 side are arranged at the closest location to the
branch line N. The gap G between turns tal and tb1 is mini-
mal, for example, 0.6 mm. These turns tal and tb1 are at the
closest position to the central axis X from among the turns.

In FIG. 5B, in the same manner as in Embodiment 1, the
turns tad and ta5, which are not present on the coil 95 side, are
respectively added to the coil 9a. Furthermore, the turn th7 in
the coil 954 side is deleted, and the turn ta8 is added to the coil
9a side. The place to which the turns ta4 and ta5 are added is
the same as in Embodiment 1. The location at which the turn
th7 is deleted and the location to which the turn ta8 is added

5

10

15

20

25

30

35

40

45

50

55

60

65

6

are same as that of Embodiment 2. In this Embodiment 3, the
gap G between the turns tal and th1 is minimal, for example,
0.6 mm.

Embodiment 4

In Embodiment 4, an example is described of making the
gap G larger with respect to the conventional art without
changing the total number of turns in the two coils in the same
phase. In Embodiment 4, the number of turns in the coil 9a is
increased by 3 turns, the number of turns in the coil 95 is
reduced by 3 turns, and the gap G is increased from 0.6 mm to
0.85 mm.

FIGS. 6 A and 6B show partial views on the large scale of
the stator. In FIGS. 6 A and 6B, only the two armature coils of
the same phase are indicated upon expansion. FIG. 6A indi-
cates the conventional stator 40, while FIG. 6B indicates the
stator 4 related to Embodiment 4. Furthermore, regarding
configurations that are the same as in Embodiments 1 to 3, the
same numbers are attached and descriptions thereof are
abbreviated.

In FIG. 6A, the number of turns and the winding shape of
the coils 90a and 9054 are the same. That is, the coils 90a and
905 are axially symmetrical with the axis of symmetry as the
branch line N. The turn tal in the coil 904 side and the turn tb1
in the coil 905 side are arranged at the closest location to the
branch line N. The gap G between the turns tal and tb1 is
minimal, for example, 0.6 mm. These turns tal and tb1 are at
the closest position to the central axis X from among the
turns.

In FIG. 6B, in the same manner as in Embodiment 3, the
turns tad, taS, and ta8, which are not present on the coil 95
side, are respectively added to the coil 9a. Then, the turns th1,
th7, and tb10 on the coil 95 side are deleted. The turn tb10 is
the turn located on the closer side to the branch line N than the
turn tb2. The places to which the turns tad, ta5, and ta8 are
added are the same as those described in Embodiment 3. The
place at which the turn th7 is deleted is the same as that
described in Embodiment 2.

In this Embodiment 4, the gap G between the turns ta5 and
th3 is minimum, for example, 0.85 mm. It is more expanded
than the gap G=0.6 mm between the conventional turntal and
turntb1. The turn tb1 is not arranged on the coil 95 side, which
corresponds to the turn tal (in this Embodiment 4, the turntal
is the first predetermined turn) on the coil 9a side located on
the closest side to the central axis X, and is in an asymmetrical
relationship. In this Embodiment 4, the gap G is expanded
without changing the total number of turns on the two adja-
cent coils 9a and 95 of the same phase. Improvement of
flowability of the filler and ensuring good insulation charac-
teristics between coils are realized without hardly any nega-
tive influence on the torque characteristic of the motor.

As above, the embodiment of the present invention was
described; however, the present invention is not limited to this
and various arrangements and modifications are possible
within the range of the summary thereof.

In the abovementioned embodiments, the rotating electri-
cal machine has been described as a motor (electric motor) 1;
however, the rotating electrical machine may be a generator
including the rotor 3 and the stator 4 with the same configu-
ration as the motor 1. Moreover, it has been described that the
rotor 3 includes 10 poles (the number of field poles) and that
there are twelve armature coils 8 of the stator 4 (that is, the
number of teeth 10); however, the number of poles and the
number of teeth are not limited to this, and other numbers may
be appropriately set.

The motor is not limited to the outer stator (inner rotor)
type explained in the embodiment. It may be an inner stator
(outer rotor) type motor. The armature coil 8 is not limited to
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those configured from the division core. The armature coil 8
may be seriately configured from a ring-shaped core includ-
ing a plurality of teeth.

When the gap between two adjacent teeth is divided into
half and the straight line radially extending from the center of
the circle of the stator is defined as the spacing centerline, the
first predetermined turn on one coil from among the two coils
is arranged at a closer position to the spacing centerline than
any other turns in the one coil and, on the other coil from
among the two coils, the turn does not need to be arranged in
the axially symmetric position with the spacing centerline as
the axis of symmetry with respect to the first predetermined
turn.

The first predetermined turn may be arranged closer to the
center of the circle than any other turns on the other coil.

When the spacing between two adjacent teeth is divided
into half and the straight line radially extending from the
center of the circle of the stator is defined as the spacing
centerline, the position of the turn arranged the closest to the
spacing centerline in one coil from among the two coils and
the position of the turn arranged the closest to the spacing
centerline in the other coil from among the two coils do not
need to be located in the axially symmetric position with the
spacing centerline as the axis of symmetry.

When the gap between two adjacent teeth is divided into
half and the straight line radially extending from the center of
the circle of the stator is defined as the gap centerline, the
second predetermined turn in one coil from among the two
coils is arranged at the closest position to the spacing center-
line than any other turns on the other coil, and in the other coil
from among the two coils, the turn may be positioned closer
to the spacing centerline than the axially symmetrical posi-
tion with the spacing centerline as the axis of symmetry with
respect to the second predetermined turn.

When the gap between two adjacent teeth is divided into
half and the straight line radially extending from the center of
the circle of the stator is defined as the gap centerline, the
position of the turn arranged the furthest away from the spac-
ing centerline in one coil from among the two coils and the
position of the turn arranged furthest away from the spacing
centerline in the other coil from among the two coils does not
need to be in the axially symmetric position with the spacing
centerline as the axis of symmetry.

In the stator, the plurality of coils configure the plurality of
phases with alternately different phases having the adjacent
plurality of coils among them as the same phase, the two coils
are in the same phase, and the total number of turns of the
plurality of coils in the same phase is the same between a
plurality of phases. In this case, the number of turns of the
respective coils in the same phase may be different. More-
over, the gap between the turn and the turn of the two coils
may be the predetermined gap determined in advance or
more.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings.
It is therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described herein.

What is claimed is:

1. A rotating electrical machine comprising a stator and a
rotator located inside or outside the stator,

wherein the stator comprises:

a plurality of teeth radially extending from the center of
a circle of the stator; and
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aplurality of coils that are arranged in order and in layers
by winding wire turn plural times around the circum-
ference of the respective plurality of teeth,
wherein the number of turns on each of two coils arranged
on the circumference of two adjacent teeth is different,
wherein a gap of two adjacent teeth is divided into half and
the straight line radially extending from the center of the
circle of the stator is defined as the gap centerline,
wherein a position of the turn arranged closest to the gap
centerline in one coil from among the two coils and the
position of the turn arranged closest to the gap centerline
in the other coil from among the two coils are not in an
axially symmetric position with the gap centerline as the
axis of symmetry, and
wherein in the stator:
the plurality of coils configure a plurality of phases with
alternately different phases having the adjacent plu-
rality of coils among them as the same phase, and

the two coils are in the same phase and the total number
of turns on the plurality of coils in the same phase is
the same between a plurality of phases.

2. The rotating electrical machine according to claim 1,
wherein:

a first predetermined turn in one coil from among the two
coils is arranged at a closer position to the gap centerline
than any other turns in the one coil, and

in the other coil from among the two coils, the turn is not
arranged in the axially symmetric position with the gap
centerline as the axis of symmetry with respect to the
first predetermined turn.

3. The rotating electrical machine according to claim 2,

wherein

the first predetermined turn is located at a closer location to
the circle center compared to any other turns on the other
coil.

4. The rotating electrical machine according to claim 1,

wherein:

the position of the turn arranged furthest away from the gap
centerline in one coil from among the two coils and the
position of the turn arranged furthest away from the gap
centerline in the other coil from among the two coils are
not in the axially symmetric position with the gap cen-
terline as the axis of symmetry.

5. The rotating electrical machine according to claim 1,

wherein:

a second predetermined turn in one coil from among the
two coils is arranged at a farther position to the gap
centerline than any other turns on the one coil; and

in the other coil from among the two coils, the turn is
positioned closer to the gap centerline than the axially
symmetrical position with the gap centerline as the axis
of symmetry with respect to the second predetermined
turn.

6. The rotating electrical machine according to claim 1,
wherein the gap between two turns on the two coils is at a
predetermined gap or more.

7. The rotating electrical machine according to claim 1,
wherein a filler is filled between the gap and the two coils are
fixed by the filler.

8. The rotating electrical machine according to claim 1,
wherein the rotating electrical machine is a motor.

9. The rotating electrical machine according to claim 1,
wherein the rotating electrical machine is a generator.
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